Introduction:
Under appropriate culture conditions, mesenchymal stem cells (MSCs) can rapidly differentiate into chondrogenic cells and elaborate an extracellular matrix that is biochemically similar to that of hyaline cartilage. This differentiation potential has broad implications for the use of these cells in cartilage tissue engineering. Immunohistochemical and biochemical analyses show that, e.g., cartilage-specific extracellular matrix (ECM) molecules such as type II collagen and chondroitin sulfate become detectable within hours or days after the initiation of the differentiation process. Such phenotypic changes presuppose a radical reprogramming of the gene-expression profiles and overall physiology of the MSCs. Previous gene-expression studies have either been limited to a selected subset of genes, or have focused on time points later in the differentiation process. To support our studies of chondrogenic MSC differentiation, we have used genome-wide expression microarrays to create a comprehensive database documenting the sequence and extent of these changes during the first week of chondrogenic differentiation.
Methods:
Five human MSC (hMSC) preparations, derived from bone marrow aspirates obtained from the Hematopoietic Stem Cell Core Facility of the Comprehensive Cancer Center at Case Western Reserve University (CWRU) under an IRB-approved protocol, were used in these experiments. The cells were expanded in medium containing serum and FGF-2. After 1 passage, the cells were moved to aggregate culture at 2.5 × 10 5 cells/aggregate in chondrogenic medium to induce differentiation.
At days 0, 1, 3, 5, and 7, total RNA was extracted from 20 aggregates per time point and donor. 5 -8 µg of spin column-cleaned total RNA were reverse-transcribed. The RNA or cDNA from 2 donors failed quality control tests at one time point at least, and these donors were excluded. The remaining three complete sets cDNA preparations were retained for microarray analysis at the CWRU Gene Expression Array Core Facility, using Affymetrix HG U133A 2.0 human microarrays (~ 22,277 full-length genes and ESTs). Spiked bacterial IVT transcripts served as hybridization controls.
Raw microarray data were normalized and analyzed using the Affymetrix Microarray suite and Agilent GeneSpring. Binary comparisons were made between samples from each time-point. A master list of differentially expressed transcripts, which were consistently called as either increased or decreased in all 3 replicates, and had an average absolute fold change ≥ 2.0 was defined. These filtered data were then further analyzed using the Agilent GeneSpring and Ariadne Pathway Studio software packages for clustering and regulation patterns and for assignment to specific cellular pathways and processes.
To enhance our confidence in the dataset, we then examined the database for chondrogenesis-related genes from either our own experiments or from published reports known to be modulated during MSC chondrogenic differentiation. The short list included collagens I, II, IX, X, and XI, GAG and GAG-synthesis-related enzymes, growth factors and growth factor receptors
Results:
All 15 arrays passed internal quality controls such as median hybridazion levels and spiked transcripts. After filtering the data for consistent changes in gene expression, we found a high-value population of 3,285 differentially expressed transcripts (Fig. 1) .
Most of these changes occurred between day 0 and day 1 (1,723), but the number dropped off rapidly when comparing successive time points: 315 between day 1 and day 3, 120 between day 3 and day 5, and only 31 between day 5 and day 7.
We confirmed these results by clustering the list of 3,285 genes using GeneSpring 7.3.1. The gene tree shows that, numerically, most changes took place within the 1 st day, and then began to plateau. Small subsets of these transcripts spiked or plummeted transiently on day one. The expression pattern of the genes on the cartilage short-list conformed to the predicted patterns, which supports the quality of the database (Fig. 2) . 
Discussion:
We have created a stringent comprehensive database documenting gene expression changes that take place during early chondrogenic differentiation of hMSCs. Pattern analysis suggests that the bulk of the gene expression changes, (both up-and down-regulation) occur within the first 24 hours, with most of these reflecting a permanent change; a much smaller subset showed transient changes.
The permanent changes might be indicative of genes that are turned on or off during chondrogenic differentiation and that are, therefore, either MSC-or chondrocyte-specific. Transient changes are, more likely, important on the regulation of gene expression changes and the signaling pathways involved in lineage commitment.
This database will be a useful tool for interpreting the molecular changes associated with chondrogenic differentiation of MSCs.
